1. Introduction
===============

The rigid video-stylet (OptiScope, KoMAC Co, Ltd, Seoul, Republic of Korea) is a novel intubating device that incorporates video technologies into airway management.^\[[@R1]\]^ It consists of a handle with a detachable LCD monitor and a malleable stylet with a camera lens at the tip. By providing a real-time image of airway structures, it increases the intubation success rate and decreases the intubation time.^\[[@R2]--[@R4]\]^ The rigid video-stylet requires minimum scooping movements for manipulation and can be used safely, with less trauma to the airways and less hemodynamic instability.^\[[@R3]--[@R5]\]^ Moreover, in patients with difficult airways or limited cervical motion, a rigid video-stylet performs better than conventional airway devices.^\[[@R6]--[@R9]\]^ However, deterioration of the view might lead to intubation failure, resulting in multiple intubation attempts, a longer intubating time, and desaturation.^\[[@R1],[@R5]\]^ Therefore, unlike the conventional laryngoscope, decreased oral secretion might provide the advantage of better visualization of the rigid video-stylet.

Anticholinergic agents are widely administered prior to endoscopic and airway procedures to reduce oral secretions and to prevent vagal reflex.^\[[@R10]--[@R14]\]^ However, anticholinergics are associated with adverse effects on hemodynamic parameters such as tachycardia, arrhythmia, and excessive hypertension. Moreover, these reactions may be exaggerated when combined with tracheal intubation, which provokes strong hemodynamic responses.^\[[@R10]--[@R12]\]^ Remifentanil, a rapid-acting opioid, is known to effectively attenuate hemodynamic responses to the painful stimuli of tracheal intubation or surgical incision.^\[[@R15]\]^ Therefore, remifentanil may control adverse hemodynamic responses to anticholinergic agents.

We hypothesized that intramuscular glycopyrrolate premedication might facilitate tracheal intubation with the rigid video-stylet with hemodynamic stability under general anesthesia. This study was designed to evaluate the efficacy and safety of intramuscular glycopyrrolate as a premedication prior to tracheal intubation using a rigid video-stylet. Specifically, we compared the degree of airway secretion and the intubation time between patients who received glycopyrrolate premedication and those who did not. We also compared hemodynamic variables during tracheal intubation.

2. Materials and methods
========================

This randomized-controlled study was approved by the Institutional Review Board of Kangbuk Samsung Hospital (Kangbuk Samsung Hospital Institutional Review Board, Seoul, Republic of Korea; approval number: KBSMC 2017-01-001) and internationally registered at ClinicalTrials.gov (NCT03050242). Written informed consent was obtained from all patients enrolled. ASA physical class 1 or 2 patients 19 to 65 years of age scheduled for elective surgery under general anesthesia were included. The exclusion criteria were as follows: body mass index above 30; expected difficult intubation due to intraoral mass, history of difficult intubation, or limited mouth opening.

2.1. Study groups and randomization
-----------------------------------

Patients were randomly allocated into a control group and a glycopyrrolate group. The randomization was performed by an independent anesthesiologist who used a permuted block randomization algorithm (interactive internet-based response system, [http://www.randomization.com](http://www.randomization.com/)) and kept the codes in sealed envelopes, in order. The group allocation was performed by the anesthesiologist the day before surgery. Another investigator who was blinded to the group assignment conducted tracheal intubations and patient assessments. Patients in the control group did not receive premedication. Patients in the glycopyrrolate group received an intramuscular injection of glycopyrrolate (0.005 mg/kg) 1 hour before surgery.

2.2. Anesthesia and parameters investigated
-------------------------------------------

Before entering the operating room, airway assessments including the Mallampati class, interincisor distance, neck extension limitation, and thyromental distance were performed. After the patient entered the operating room, ASA standard monitoring including electrocardiography, noninvasive blood pressure, and pulse oximetry were performed. The baseline mean blood pressure (MBP), heart rate (HR), and peripheral oxygen saturation (SpO~2~) were recorded. To monitor the depth of anesthesia, the Entropy EasyFit Sensor (GE Healthcare, Helsinki, Finland) was applied. Neuromuscular relaxation was monitored at the adductor pollicis muscle with a TOF Watch SX monitor (Essex Pharma GmbH, Munich, Germany). Preoxygenation with 100% O~2~ was administered for 3 minutes. Anesthesia was induced with intravenous propofol (1.5 mg/kg) and intravenous remifentanil (1 mcg/kg). After the state entropy decreased below 60, proper mask ventilation was checked and intravenous rocuronium (0.8 mg/kg) was administered. A rigid video-stylet (OptiScope PM201, KoMAC Co, Ltd) was used for tracheal intubation. The intubation was performed using the standard method with the device held in the dominant hand and the chin lifted anteriorly with the nondominant hand.^\[[@R16]\]^ No additional external manipulation facilitating the laryngeal view was conducted. All intubations was conducted by 1 anesthesiologist (E-AC) with an experience of performing more than 30 OptiScope-guided intubations. After the location of the vocal cords was confirmed, the rigid video-stylet was inserted into the trachea and the endotracheal tube was advanced under direct visualization. The rigid video-stylet was then withdrawn and the anesthesia circuit was connected. After ballooning the tracheal tube, proper endotracheal insertion was confirmed with the capnographic wave. A 7-mm tracheal tube was used for female subjects and a 7.5-mm tube was used for male subjects. The amount of oral secretion was observed through the rigid video-stylet monitor and assessed using a 4-point scale, as follows: 1, excellent = dry without secretions; 2, good = moist; 3, poor = wet, but suctioning is not required to intubate; 4, unacceptable = wet, suctioning is required to intubate (Table [1](#T1){ref-type="table"}). In case of a grade 4 assessment, oral clearing was performed using the Yankauer suction tip and a second intubation with a rigid video-stylet was conducted. If the second attempt failed, it was recorded as "fail" and conventional laryngoscopic intubation was performed. Time to intubation was defined as the time from the introduction of the rigid video-stylet into the mouth to visualization of the first capnographic wave. For grade 4 patients, the time from the first insertion of the rigid video-stylet to withdrawal and the time from the second insertion to the first capnographic appearance were added. MBP, HR, and SpO~2~ were obtained at 1, 3, and 5 minutes after intubation. A desaturation event was defined by SpO~2~ of \<90%. After confirming successful tracheal intubation, anesthesia was maintained with the conventional balanced anesthesia method using a continuous remifentanil infusion (0.01--0.15 mcg/kg per min) and 1 to 2 vol % sevoflurane in a 50% air/oxygen mixture.
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Four-point grading scale of the OptiScope laryngeal view.
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2.3. Sample size estimation
---------------------------

The primary outcome of this study was the degree of oral secretion. From our preliminary study, the degrees of secretion on a 4-point scale were 1.73 ± 0.70 (n = 15) for the glycopyrrolate group and 2.4 ± 0.91 (n = 15) for the control group. Based on the preliminary study, a sample size of 30 patients per group was needed for an alpha error of 0.05 and a power of 80%. Considering a drop-out rate of 30%, 78 patients were required for this study.

2.4. Statistical analysis
-------------------------

The Shapiro--Wilk test was used to test normal distribution for the continuous variables. Continuous variables are stated as mean ± standard deviation or median (interquartile range), and categorical variables are presented as numbers (percentage). The Student *t* test for normally distributed data and the Mann--Whitney *U* test for non-normally distributed data were used to compare the 2 groups. Categorical variables were analyzed using the chi-squared test or the Fisher exact test as appropriate. A *P* value \< .05 was considered significant. The MBP and HR values during intubation were compared with the between-subjects effects test using a repeated-measures analysis of variance (ANOVA). IBM SPSS Statistics for Windows, Version 24.0 (IBM Corp, Armonk, NY) was used for data analyses.

3. Results
==========

Seventy-eight patients were enrolled in this study between March 2017 and May 2017 (Fig. [1](#F1){ref-type="fig"}). Baseline characteristics of the patients and airway evaluations were not different between groups (Table [2](#T2){ref-type="table"}).

![CONSORT flow diagram. Group C = control group, group G = glycopyrrolate group.](medi-97-e11834-g002){#F1}

###### 

Baseline characteristics, airway assessments, and clinical data of subjects.
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The OptiScope laryngeal view grade of the glycopyrrolate group was higher (grade 1 = 16 \[41.0%\], 2 = 17 \[43.6%\], 3 = 6 \[15.4%\], and 4 = 0 \[0%\]) than that of the control group (grade 1 = 9 \[23.1%\], 2 = 11 \[28.2%\], 3 = 18 \[46.2%\], and 4 = 1 \[2.6%\]; *P* = .02). The time to intubation was shorter in the glycopyrrolate group (18.5 seconds \[15.0--22.0\]) than in the control group (22.0 seconds \[17.9--26.4\], *P* = .02). There was no desaturation event in either group (Table [3](#T3){ref-type="table"}).

###### 

Degree of secretion, time to intubation, and occurrence of desaturation events during intubation with an OptiScope.
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The MAP was not different between groups before induction of anesthesia or at 1, 3, or 5 minutes after intubation (Fig. [2](#F2){ref-type="fig"}A). The HR was faster in the glycopyrrolate group at 3 (79.0 \[13.3\] vs 71.2 \[12.5\], *P* = .009) and 5 minutes (75.7 \[12.1\] vs 70.0 \[11.3\], *P* = .01) after intubation (Fig. [2](#F2){ref-type="fig"}B).

![(A) MAP before induction of anesthesia (baseline) and 1, 3, and 5 minutes after intubation (mean \[SD\]). (B) HR before induction of anesthesia (baseline) and 1, 3, and 5 minutes after intubation (mean \[SD\]). ANOVA = analysis of variance, Group C = control group, group G = glycopyrrolate group, HR = heart rate, MAP = mean arterial pressure, SD = standard deviation. ^∗^*P* \< .05; values were compared using the Student *t* test. ^†^*P* = .95; compared using the between-subjects effects test of a repeated-measures ANOVA. ^‡^*P* = .03; compared using the between-subjects effects test of a repeated-measures ANOVA.](medi-97-e11834-g005){#F2}

4. Discussion
=============

This prospective randomized-controlled study evaluated whether glycopyrrolate premedication can reduce oral secretions and facilitate tracheal intubation using a rigid video-stylet with hemodynamic stability. We found significant differences in the OptiScope laryngeal view and the intubation time between the groups. In addition, hemodynamic variables remained stable, in the normal range, in both groups.

Anticholinergic premedication has long been used in general anesthesia.^\[[@R16]\]^ It reduces oral secretions and provides better conditions for the various procedures to manipulate the airway.^\[[@R10],[@R12],[@R14]\]^ Moreover, anticholinergic administration prior to surgery might prevent vagal overstimulation during surgery that causes severe bradycardia.^\[[@R11]--[@R13]\]^ However, its routine use as a premedication for general anesthesia has been questioned for several reasons. First, irritation of the airway by the anesthetic gas is no longer a concern due to modern anesthetic techniques. Second, regarding airway visualization, there are minor benefits of the conventional intubation method using the laryngoscope.^\[[@R17],[@R18]\]^ Last, blocking of the parasympathetic nervous system due to anticholinergic drugs might cause tachyarrhythmias or hypertension during intubation.^\[[@R18]\]^ This effect might be more pronounced in the presence of pre-existing cardiac problems, resulting in myocardial ischemia or infarction, atrioventricular dissociation, and ventricular fibrillation.^\[[@R11],[@R17],[@R19]\]^

The rigid video-stylet allows faster tracheal intubation and a better intubation success rate than conventional laryngoscopy.^\[[@R2]--[@R4],[@R20]\]^ For successful manipulation, good visualization of the laryngeal view is necessary. In this point of view, a previous study demonstrated that adjustment of the airway manipulation maneuvers facilitated the laryngeal view of the rigid video-stylet.^\[[@R21]\]^ Although airway manipulation might improve the laryngeal view, a number of the difficulties of rigid video-stylet use are related to uncontrolled oral secretions.^\[[@R22]\]^ Therefore, we assumed that reduction of the secretions would improve the performance of the rigid video-stylet.

A common method for the reduction of oral secretions is to administer anticholinergic drugs. However, to our knowledge, there have been no previous studies in which anticholinergic premedication improved the performance of tracheal intubation. Some studies have examined various types of endoscopic procedures.^\[[@R10],[@R14],[@R23],[@R24]\]^ In most of those studies, intramuscular anticholinergic agents did not improve the performance of the procedure.^\[[@R10],[@R14],[@R24]\]^ However, in our study, there was a significant reduction in oral secretions in the glycopyrrolate group, and the time necessary for successful intubation was significantly shorter compared to the control group. We presume that the different results were caused by the different characteristics of the procedure. Unlike the endoscopic procedures, tracheal intubation strongly relies on the conditions of the upper airway. Therefore, we report that the antisialogogic effect of glycopyrrolate improved the performance of intubation with the rigid video-stylet.

Although less effective than atropine, intramuscular glycopyrrolate is associated with tachycardia and hypertension.^\[[@R10],[@R12]\]^ In the present study, we used intravenous remifentanil to blunt the cardiogenic responses related to intubation. Remifentanil is a rapid-acting opioid characterized by a short, context-sensitive half-life.^\[[@R25],[@R26]\]^ When used with hypnotic agents such as propofol, remifentanil effectively reduced sympathetic activation after tracheal intubation.^\[[@R25]\]^ Even though the MAP after intubation was not different between groups, the HR was significantly higher in the glycopyrrolate group, particularly at 3 and 5 minutes after intubation. However, the values remained within the acceptable range throughout the study period (79.0 ± 13.3 after 3 minutes, 75.5 ± 12.1 after 5 minutes). Therefore, we report that when the correct hypnotic and analgesic levels are achieved, glycopyrrolate can be safely administered without a sympathetic over-reactivation due to tracheal intubation.

Our study had some limitations. First, it was performed under general anesthesia. Therefore, we used high-dose propofol and remifentanil to control the sympathetic over-reactivation to endotracheal stimulation, so we could not determine if hemodynamic stability can also be achieved under light sedation. Second, this study included hemodynamically stable patients with normal airways. Therefore, we could not determine if these results might be extrapolated to difficult airway settings or hemodynamically unstable patients. We may assume that glycopyrrolate might improve visualization in patients for whom intubation using the rigid video-stylet is planned. However, whether this can decrease the intubation time or dramatically facilitate the intubation performance in difficult airways requires further study. Moreover, hemodynamically vulnerable patients, such as those with known severe heart and lung diseases, must be treated carefully because there may be an exaggerated reaction to the anticholinergic agent. Finally, even though the investigator was blinded to the group allocation, the investigator might have noticed whether glycopyrrolate had been administered by inspecting reduced salivation during intubation.

In conclusion, we demonstrated that glycopyrrolate premedication improved the efficacy of intubation using a rigid video-stylet and provided hemodynamic stability. Therefore, when the use of a rigid video-stylet is planned for intubation, patients can be safely and effectively pretreated with glycopyrrolate for better performance.
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